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Abstract
The purpose of the present study was to test the
use of visually displayed EMG biofeedback as a means
for training hearing impaired adolescents to reduce
anterior temporalis or frontalis muscle tension .

Five

male and four female hearing impaired students between
the ages of 13 and 15 were chosen from the Ca l ifornia
School for the Deaf, Fremont, CA to serve as
participants.
'Eo

Each participant was randomly assigned

e:tt;~p-e-ri-m-ent-a-J:-o-r-contro-1-condi-ti-on...,.-.-----------

Participants in the experimental groups were given
five 15 minute EMG biofeedback training sessions.

An

additional group of 4 adolescents with normal hearing
from Marshall Junior High School, Stockton , CA served
as a hearing control group.

The dependent measure was

a 5 minute pretest and posttest measurement of muscle
tension (in microvolts).
Split-plot analyses were performed to determine if
there were significant differences between a ) the
.hearing impaired experimental and the hearing impaired
control groups, b) the hearing impaired control and the
hearing control groups, and c) the hearing impaired
experimental group and the hearing control group .
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Results of the analyses showed that at posttest both
the hearing impaired experimental group and the hearing
control group showed a significant decrease in muscle
tension E(1,7)=5.85 p< . 05.
nonsignificant.

The interaction was

Comparison of the two control groups

showed that at posttest the two groups were not
significantly different in levels of muscle tension.
The comparison between the hearing impaired
experimental and the hearing control groups resulted in
a sijgiTrfrcan~ nte~a&~~en--~Group_X_Ti ..~~o~f~T~e~
s~
t~i~n~g~)~----------------
E(1,6)=9.47, p=.02, and

the main effect for time of

testing approached significance.
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Visually Displayed-EMG Biofeedback:

Training

Muscle Relaxation in Hearing Impaired Children
Biofeedback has been described as" ... a procedure
in which an external sensor is used to provide the
organism with an indication of the state of bodily
processes usually in an attempt to effect a change in
measured quantity" (Schwartz and Beatty, 1977, p. 1).
It is a procedure which enables one to monitor and
learn to alter certain physiological processes which
are normally not under conscious control .

One widely

used form of biofeedback is electromyography, more
commonly referred to as EMG biofeedback.

This

procedure uses instrumentation to detect electrical
impulses of specific muscles, and then displays this
biological information back to the person in a precise,
immediate fashion.

Simply stated, relaxed muscles lead

to lower levels of muscle tension on the display.

By

monitoring the display and interpreting one's behavior,
an individual can eventually gain control over the
physiological system being monitored.

In operant

terms, the display (or "feedback") serves as a
reinforcer for the behavior associated with controlling
the feedback.

Thus, learning occurs as a function of

reinforcing the behaviors associated with the control
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of muscle tension .
EMG biofeedback has added a new dimension to
assisting persons learning deep muscle relaxation, and
·is currently a treatment adjunct for many
psychophysiological and stress related disorders . The
body of research on EMG biofeedback has been conducted
primarily with college students or reported as clinical
case studies of individuals with psychophysiological
disorders . Little research has focused on handicapped
populations , sue

J:m- hera:r ±-ng-i-mpa-i-!'eEl-. -

S-i nce._ _ _ _ _ _ _ _ _ __

hearing impaired individuals experience stress in their
lives and in response to a stressor, their bodies react
no differently than a normal population of hearing
individuals; it seems that EMG biofeedback would be a
useful means of training relaxation for this
population.

The adolescent period, in which new

stressors are encountered, appears to be a time in
which relaxation training could be used as a means of
stress management.

However, the utilization of EMG

biofeedback as a procedure for training deaf children
and/or deaf adolescents in muscle relaxation has not
been documented.

Therefore , the focus of the present

research is to train hearing impaired junior high
school students in muscle relaxation using EMG
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biofeedback .
Feedback Control Systems
Biofeedback can be compared to two general types
of systems: a) a closed-loop control system, and b) an
open-loop control system (Schwartz and Beatty, 1977 ) . A
closed-loop control system is unidirectional,
consisting of only a feedforward pathway in which
information flows directly from input to output, or in
operant terms, from a stimulus to response .

The

open-loop con roi sys~c~ntai~ s-~he~eed£o~war~--------------------
pathway and a feedback component in which information
is fed back into the system to increase its control.
This second system has built into it a direct way to a)
detect errors and b) correct them (Schwartz and Beatty,
1977) . Under most conditions, autonomic systems in the
body such as respiration, heart rate, skin temperature
and musculature are not consciously monitored, so that
a person is normally unaware of their functioning .
These are considered closed systems.

For example, a

stimulus may cause a muscle to tense (disturbance ), and
because there i s very limited feedback from the body
which alerts the person to this disturbance, the
individual will have no reason to alter his /he r
behavior and will continue to function in the same
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manner even though it may be dysfunctional .

This is

the case with several psychophysiological disorders .
Unassisted, it is difficult for a person to correct
minor fluctuations in these systems because the body
produces only very limited feedback of minute changes
that occur in its physiological functioning.

Normally,

just noticeable differences (JND) which constitute
feedback occur at high thresholds for muscle tension,
and thus muscles may be very very tense and individuals
may not

tnis condi. t-ron-because-i-t~na-s-no:t-~et.~-------~

reached the JND.
If shooting at a target while blindfolded is used
as an analogy to a closed loop system, feedback which
would tell the person how far or near his/her aim was
to the center of the target would greatly enhance the
person's ability to control the aim of the gun.
Similarly, once muscle tension can be visually or
aurally displayed to a person, quite small deviations
from normal functioning can be detected .

The feedback

can then be used by the individual to make changes in
order to refine the system's status.

The importance of

biofeedback then, is to mirror what occurs naturally,
so that the system may be more readily controlled .
During sessions of successful muscle tension reduction
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using EMG biofeedback, the person is reinforced for the
correct relaxation response, and over time learns to
discriminate the appropriate behaviors associated with
muscle tension control (relaxation) without the use of
an external feedback mechanism.
The relative effectiveness of biofeedback relies
on the nature of the feedback and how it is used.

As

Chen (1981) points out, if biofeedback is to be
beneficial, it must be received, understood and
comprehended.

The way 1n

wnieh--~~~dboc~-s-d~&p±a¥ed---------------

determines how the information will be received by the
user and whether it can be comprehended.

The display

of information must be accurate and easily read.

Thus,

to the degree that feedback is imprecise, or
incomprehensable, any control one tries to achieve will
also be imprecise.

Janman (1983) called the feedback

display the most important independent variable in
biofeedback training.

Precision and immediacy of

feedback are essential to the success of biofeedback,
because it is through the display that the individual
receives information abou·t his/her body and is able to
learn control of the system.
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Modes of Biofeedback Display
EMG biofeedback can be displayed through any one
of several different sensory modalities: visual,
auditory, or tactile.

The two most commonly used

displays are auditory and visual .

A search of the

relevant literature from 1970 to 1985 revealed that
auditory feedback is the most commonly used mode of
biofeedback. Used as a single feedback modality,
auditory feedback comprised 84% of all the published
biofeedback res earcn in--Lne psycho 1-o-g-i-ca-l- 1--3.-te-r a.:t ur.e__ _ _ _ _ _ _ __
Three factors are probable causes of the extensive use
of auditory feedback.

First, the initial design of EMG

equipment incorporated an auditory display.

Prior to

1970, electrical impulses like those generated by
muscle tension could only be detected and displayed
through analog systems, such as an oscilloscope or
chart recorder. Analog information could be presented
simply in one of two continuous forms; it could be
displayed through a continuous tone which would
fluctuate in pitch according to the EMG level
fluctuations or through some form of illumination which
would fluctuate in intensity proportional to muscle
tension.

Just noticeable differences in pitch are

easier to discern than differences in illumination.
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Hence, auditory feedback became the more widely used
type of procedure .
Development of the cathode ray tube allowed this
analog system to be transformed into its binary
counterpart.

A second devlopment, light emitting

diodes (LEDs), manufactured in the 1970s could be
combined with the cathode ray tube to produce a simple
circuit which would operate by turning a row of lights
on and off in series.

As electrical impulses increased

more of the lights in sequence

oui:d- i-:l.-l-umi-na:te_._ ----"'-,...h""i'-'s=:...__ _ _ _ _ __

became what is know as the first form of a light bar.
The transition from analog to binary systems allowed
visual feedback displays to have the immediacy and
precision necessary to deliver useful visual feedback .
However, the time lag between the advent of precise
visual displays and auditory feedback permitted
auditory displays to become widely accepted.

Over the

years, auditory feedback has continued to become more
refined and commonplace in biofeedback technology,
making it still the most used form of biofeedback
display. However, the graphical presentations displayed
by computers and oscilloscopes being developed today
are adding more precision and credibility t o visual
feedback displays.
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The final variable influencing the widespread use
of auditory feedback is the freedom it allows the
clients to assume an "eyes closed" posture .

Clients

may sit with their eyes closed, which allows them to
easily block out visual stimuli which could otherwise
be distracting .

This p o sture is assumed throughout the

eastern and western cultures t o allow for greater
relaxation and concentration.

Although auditory EMG

used almost exclusively, it does not
that visual feedback may also
be an effective means of
Several variations of visual displays with increased
precision and efficiency have been developed .

Some of

the displays incorporated into research include color
bars , colored lights , meter displays, oscilloscopes,
and computer as s isted graphics displays .

-

Comparison of Visual and Auditory EMG Biofeedback
Studies c omparing visual and auditory biofeedback
support visual feedback as being at least as effective
as auditory feedback for training muscle tension
relaxation .

Budzynski and Stoyva (1973 ) compared two

forms of visual and auditory feedback displays with a
control in one 20 minute EMG biofeedback session .
Eighty college males were matched according to muscle
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tension levels and age, then assigned to one of the
four levels of feedback: a) continuous audio feedback,
b) digital visual feedback displayed from a small red
light suspended 10 inches above the subjects head, c) a
control group receiving an irrelevant continuous _low
tone, and d) no feedback control .

The 40 college males

who received biofeedback reduced masseter muscle
tension to significantly lower levels than their
matched controls.
feedback groups p

Both the auditory and the visual
odueea-~igiLificant

reductions in

muscle tension as compared to the controls.
Gaudette, Prins and Kahane (1983) randomly
assigned 27 undergraduate students to either visual
feedback (light on or off), auditory feedback (tone on
or off) or to a control condition.

All subjects kept

their eyes closed during feedback; it was assumed that
the visual feedback group could still detect
illumination changes with their eyes closed .

Both the

visual and auditory feedback were equally effective in
lowering EMG as compared to the controls.
Chen (1981) used 48 college students to directly
compare audio, visual and audiovisual feedback .

All

subjects were either randomly assigned to one of the
three experimental conditions and trained in EMG for

I
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eleven sessions of 20 minutes each, or assigned to a
control group .

All three groups were successful in

lowering muscle tension when compared to the controls .
He concluded that there were no differences in the
efficacy of either mode of feedback and that it seems
reasonable for the individual to use the mode of
f~~db~ak

which

i~ mo~t

comfortable to him.

On the other hand Alexander , Goodman and French
(1975) reported different f i ndings.
effects of differen

They tested the

ack in facilitating

the reduction of frontalis muscle tension .
Twenty-eight subjects were assigned to one of four
groups: a ) auditory feedback eyes-closed, b ) auditory
feedback eyes-open, c ) visual feedback, or d ) no
feedback with eyes closed.

Each subject received seven

20 minute EMG biofeedback training sessions . Only the
auditory eyes-closed group significantly lowered
frontalis mus c le tension. They hypothesized that the
muscles controlling eye movement work against the
successfulness of training frontalis EMG reduction.
Jacobs and Felton ( 1969) used biofeedback to teach
10 volunteers with upper trapezius injuries and 10
physically normal subjects to relax the trapezius
muscle .

Subjects were given either visual or auditory
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feedback.

Four additional subjects in each of the

above groups served as controls for practice and order
effects. The visual feedback condition produced the
only significant reduction in muscle tension.
In summary of the literature comparing auditory
and visual feedback, visual displays of EMG biofeedback
yielded results equivalent or superior to auditory
feedback in all but one documented study .

Thus, one

can conclude that both modes of feedback are effective
mediums for
can be understood by

le relaxation as long as it

the~u~s~e~r~.----------------~~----------------------

Visual Feedback of Other Physiological Systems
Visual displays have been used successfully with
other forms of biofeedback, such as heart rate control
and skin temperature training.

Blanchard and Young

(1972) compared the differential effects of visual and
auditory feedback for controlling heart rate . Fifty
students were randomly assigned to one of five
experimental conditions and given two sessions of
biofeedback in which to control heart rate.

The five

experimental conditions included : a ) auditory
feedback-session one, visual feedback-session two, b )
visual feedback-session one, auditory feedback-session
two, c ) auditory feedback-both sessions, d ) visual
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feedback-both session, e) no feedback.

Both modes of

feedback were significantly effective in training
participants to increase heart rate, yet they noted a
slight advantage to visual feedback for lowering of
heart rate.
Similarly, Janman and Daniels (1983) trained 20
subjects to voluntarily control peripheral skin
temperature.

Each participant was randomly assigned to

a dual combination of the following feedback
conditions: a

1-sua-±-p-r.o ortional, b) visual binary,

c) auditory proportional, and d) auditory binary .

ne~-----------

results confirmed that both auditory and visual
feedback were effective for training temperature
control .

Thus, it appears that visual feedback is an

ef f ective display of biofeedback for training
physiological systems other than musculature.
EMG Bi ofeedback with Children and
the Hearing Impaired
The efficacy of EMG biofeedback as a method to
reduce muscle tension and enhance relaxation has been
documented in b oth adult and college aged populations
repeatedly, but rarely has the effectiveness of EMG
biofeedback been tested with children or the hearing
impaired.

One would not assume the procedure to be
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inappropriate for children since there is some evidence
of the effectiveness of EMG biofeedback with
hyperkinetic children (Braud, 1978).
Skin temperature biofeedback has been used as a
treatment adjunct for children suffering from migraine
and tension headaches.

Blanchard

& Andrasik

(1983)

tested 8 to 12 year olds and found that children under
12 years of age showed the best response and were
judged to exhibit a "Good response" to a treatment
package for

~dae-hes_,

which included biofeedback.

These findings suggest that children in the

yea-rs-and - - - - - -

older range appear to learn quickly and benefit from
the biofeedback and relaxation procedures.

However,

they do note some difficulties encountered when
applying self-regulatory treatments with a child
population: a) briefer attention span, b) off-task
behaviors during the session, c) fear or apprehension
about the equipment, d) intolerant of minor discomfort
in removing sensors, e) emotional or psychological
problems, f) reduced ability to comprehend
rationale / procedures, g) scheduling problems, h) lack
of standardized electrode placements.

Hence, with

regard to children's reactions to the biofeedback
procedure, certain preparations and precautions should
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be considered when this technique is applied to a child
population.
There is a limited amount of research which has
directly tested the efficacy of visual feedback, though
that which has been done suggests that visual displays
are a viable form of biofeedback .

Biofeedback studies

with the deaf are even fewer in number than the studies
testing the effectiveness of visual feedback, though
visual displays make EMG training a possibility for a
tmpa~n

The hearing impaired

segment of the
attention in EMG biofeedback research.

Most EMG

biofeedback therapy utilizes auditory feedback with the
clients' eyes closed , which is not an appropriate type
of procedure for a deaf population .

Also, most

therapists do not have the necessary communication
skills to work with the deaf or severely hearing
impaired individuals, which may explain why this
particular procedure has been documented only once with
a hearing impaired population.

Nevertheless , evidence

supporting visually displayed feedback to train EMG
reductions in muscle tension help make EMG biofeedback
a possible technique for the hearing impaired.
Assuming hearing impaired individuals are not immune to
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the psychophysiological and stress-related disorders
that affect hearing individuals, EMG biofeedback should
be a useful resource for them.
One study has been reported which used EMG
biofeedback to train muscle relaxation in a deaf
population.

Seward (1983) used visual EHG biofeedback

to train 34 deaf college students in frontalis muscle
relaxation.

The participants were given six 30 minute

training sessions across a 3 week treatment phase.
~6

cont~o~--sub~ee~s-We~e-±£sLed

The

re and post but were

not seen during the treatment phase.

The primary focus

of Seward's study was to test the effects of EHG
biofeedback on locus of control, but in her findings
she reports that participants in the frontalis EHG
biofeedback training group produced significantly lower
muscle tension than the control group.

Her findings

suggest that frontalis electromyographic biofeedback
training could be used to reduce muscle tension in a
deaf population .
Thus, the purpose of the present study was to test
whether visual EMG biofeedback is effective for
training hearing impaired children to voluntarily
reduce muscle tension, and whether hearing impaired
children differ from normal hearing children in muscle
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tension levels.
The experimental hypotheses for the present study
were as follows:
1.

The hearing impaired experimental group would

show a significant reduction in muscle tension from pre
to post testing as compared to the control group.
2.

Muscle tension levels of the two control

groups would remain relatively constant from pre to
post testing .
3-.--N~~drct ron-a s--~e-~ne-d~££e~ence_~~
t=
w~e~e~n
~~
t~
h~e~-----------

deaf and hearing controls was hypothesized.

However,

there are some systematic differences between these two
groups which could explain group differences should
they occur.

These factors include: a) hearing impaired

children often are very excitable and more socially
immature than hearing children of the same age; this

may influence cooperation and attention span; b)
hearing impaired individuals are used to attending to
complex visual stimuli and may find the task simple or
boring .
Method
Participants
Two groups of severe to profoundly hearing
impaired students from California School for the Deaf,
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Fremont, CA and one group of students with normal
hearing from Marshall Junior High School, Stockton, CA
were included in the study .

Initially the experimental

group consisted of 5 hearing impaired students; 1
female withdrew from the study after completion of the
second session because of successive missed
appointments.

This resulted in 4 participants in the

experimental group (2 females, 2 males, mean age =
13 . 8). The two control groups were comprised of 5
earing impai--r-ed- student-s- (-2- f-ema-l-es

,-3-mal~es_,

ean age
~-------------

= 13.5) and 4 normal hearing students (4 females,
male, mean age= 13).

1

The deaf participants were

randomly assigned to either the experimental or control
group.
Subject Selection Procedure
California School for the Deaf, Fremont, CA
A letter introducing the research project (see Appendix
A) and consent forms (see Appendix B) were sent to the
parents of all 118 of the 7th, 8th, and 9th graders at
the California School for the Deaf (CSDF), and 28 were
returned (a return rate of 24%).

Teachers rated each

of the 7th, 8th, and 9th grade students in their
homerooms on 10 selection criteria :

age (13-15),

hearing losses (severe to profound, a loss of 70db or
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more), reading level (minimum 3rd grade), IQ (average
or better), learning disorders (none), hyperactivity
(none), attention deficits (none), communication skills
(able to communicate with an intermediate signer),
apparent loss of motor functions (none), corrected
vision (20/25 or better) or any other impairments which
would have interfered with learning (see Appendix C) .
As a result, the group of hearing impaired students
consisted of higher functioning adolescents with a
pr~mary

i.: rarri-1-rty- of--hear-in-g- lo-s -s.-.-- - - - - - - - - - - - - - - - - -

Students who had parental consent, who fit all 10
selection criterion, and who were registered as full
time students living on campus at CSDF were selected
for the muscle scanning procedure. The selection
process up to this point yielded 14 of 28 children as
appropriate for this procedure.

Those children were

seen in 2 groups, given a brief summary of the purpose
of the study, and were shown the biofeedback equipment.
Muscle scanning procedure.

A procedure referred

to as a scan, which uses electromyographical equipment
to obtain a quick muscle tension profile, was given to
each of the 13 students as a screening device to
determine if the student's muscle tension levels met
criterion (see Appendix D).

The scanning procedure
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began by the experimenter taking a measurement of the
anterior temporalis muscles (right then left).

If the

average of the right and left side scans revealed
muscle tension above 2.2uv, the average resting muscle
tension for the anterior temporalis (Matheson, D. W. ,
et al. ), two 1.2mm silver/silver chloride surface
electrodes were attached with adhesive to the anterior
temporalis and a 5 minute baseline was recorded (see
Appendix D) .
f ant erior ~mpora-l--i~s-mus-c-1-e-tensi-on_wa _ _..,_,.e.,_,s'""'s~--------

than 2 . 2uv, a scan of the frontalis muscle was
conducted (right, then left) .

If the average of the

right and left scans revealed muscle tension greater
than 1.9uv, the average for resting frontalis muscle
tension (Matheson, D.W, et al., 1984), two 1.2mm
silver/silver chloride surface electrodes were attached
with adhesive to the frontalis muscle and a 5 minute
baseline was recorded (see Appendix E).

If muscle

tension was below the average microvolt level for both
sites, muscle tension was considered too low to show
improvement and the student was not included in the
study .

Three of the 13 students from CSDF were

excluded because muscle tension in both sites was below
criterion.
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During the scan, all participants were seated in a
reclining chair facing a wall 2m in front of them.
control for off task behaviors (Blanchard

To

& Andrasik,

1986) during the scan, the pretest and the training
sessions, the subjects were given instructions to sit
still, not to move, to keep their eyes open and to
relax as much as possible.

For the scan, they were

also given a point of reference on which to focus their
attention: a blue swatch of paper placed on the wall at
eye leve -zmairectly-t n-f-ront--of- t.hem.
Selection Procedure
Marshall Junior High School. Stockton. CA.

It was

noted during the scan that some of the hearing impaired
participants could not be used in the study because
muscle tension levels were below criterion , which was
based on normative data gathered from a normal hearing
college population.

One week after the research at

CSDF was completed, normal hearing students from
Marshall Junior High who were in the same age range as
CSDF students were incorporated into the study to serve
as hearing controls.

Volunteers were solicited from an

8th grade leadership class at Marshall Junior High
School (class enrollment= 18 students).

The class was

given instructions as a group, including a brief
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summary of the purpose of the study, volunteers were
requested, and consent forms (see Appendix F) were
given out to be returned with parental consent .
were returned, resulting in a return rate of 33%.

Six
The

teacher then rated the students on nine selection
criteria.

The criterion for communicating through sign

language was eliminated (see Appendix G).

All subjects

with consent and meeting the selection criteria signed
a student consent form (see Appendix H) and received
-------the same---s-c_a_n_n-ing-an~-bas~l~~e-p~ocedu~e --~s~t~h~
e______________________
hearing impaired participants.

Two of the six students

from Marshall were excluded from the study because the
muscle scan revealed that their muscle tension levels
in both sites was below criterion.
}&paratus
Skin above the appropriate muscle site was
abraded, cleansed with alcohol and Beckman electrolyte
paste was applied between the electrode and skin to
increase conductivity.

Two 1.2mm silver/ silver

chloride surface electrodes were attached with adhesive
collars to the appropriate muscle site (either
frontalis or anterior temporalis) and a WC-10 ground
wrist strap was used as a reference.

The electrode

leads were plugged directly into the active electrode
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connectors of the IP-5 Isolation preamplifier and the
EC-36 electrode lead connecting the wrist strap was
plugged into the reference connectors of the same
preamplifier . The signal from the IP-5 preamplifier was
measured with a dual channel J
on a J

&J

M-53 and displayed

& J D-200 digital integrator .

Integration

period was set at 0.5 seconds and a narrow band filter,
100 to 200 Hz was used.

Muscle tension levels measured

in microvolts were recorded every 30 seconds by the
experimen er.
To obtain muscle profiles for the scanning
procedure, SE-30 post style electrodes plugged directly
into the active electrode connectors of the IP-5
Isolation Preamplifier were held directly over the
muscle site. The WC-10 ground wrist strap was used as a
reference and was connected to the preamplifier via a
EC-36 electrode lead.

All information from the

preamplifier was fed into a J

& J M-53 which produced

numerical output (muscle tension, in microvolts ) at 2
second intervals.
Light bar display
The J

&J

220A Dual Analog Light Display was used

to provide feedback in the form of a lightbar.

The

display was placed on a table 0 .7 4rn from the floor and

26

1.02m directly in front of the subjects .

It displayed

continuous visual feedback of muscle tension. No
numerical anchors were present with this display to
show the participant's muscle tension as measured
- numerically in microvolts. The lightbar presented EMG
as a horizontal row of green LEDs.

As muscle tension

increased, additional lights in the series were
illuminated from left to right and as muscle tension
reduced lights in the series would turn off in
success mn- from- r i-g-ht.- t.e- 1-ef- .

T-he_f_ee_d

was set to

display a range of 0-10 microvolts on the first
session, from 0-5 microvolts beginning with session 2
in order to increase the sensitivity of the display,
thus making the display more reactive and more useful
to the subject.
Design
The design of the present study was a split-plot
2.2 design (see Table 1) .

There were 2 independent

variables at two levels each: hearing or hearing
impairment and visual feedback or no feedback .

The

dependent variable was anterior temporalis or frontalis
muscle tension measured in microvolts.

The muscle

tension of all the participants was measured pre to
post . In addition, the experimental group received five
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15 minute biofeedback training sessions .

The present

study was conducted over a 3 week period with the
hearing impaired participants .

Due to time constraints

within the school system at Marshall Junior High
School, the hearing participants were seen across a 2
week period , one week after completion of the work with
the hearing impaired students.

Since there was a low

number of volunteers from Marshall Junior High, all
were assigned to one control group .

Table 1
Summary of Design

GROUP

DESIGN

Hearing Impaired
Experimental (n=4)

R 01 X X X X X 02

Hearing Impaired
Control (n=5)

R 01

Hearing
Control (n =4)
Note:

R
01
02
X

02

01
denotes
denotes
denotes
denotes

random assignment to groups
pretest measure
posttest measure
sessions

02
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Setting
All training for the hearing impaired subjects
took place in a self-contained room, 3.05m X 5 . 18m, at
the CSDF in Fremont California.

The hearing control

subjects were seen at Marshall Junior High in a
similar, self-contained 3.05m X 7.62m room .

Dimmed

lighting was produced from a 60 watt bulb of a l . Om
portable lamp with a shade placed on the floor 1m
behind and 2 . 7m to the left of the participant's chair .
Ro-om- temp-e rature- was- he 1-G-Gon-stant_in_ho~'-"-='-"--':::..=..:=-=-=---------
Training was conducted individually, with only the
experimenter and the participant present in the room
during the pretest, posttest, and all training
sessions.
Communication
All information and instructions were communicated
directly to the participants at CSDF by the
experimenter, through Total Communication (combination
of both verbal and signed instruction) .

The same

information was given verbally to the participants at
Marshall.

In addition, during the first session

storyboards were used with all the participants to
explain the concept of EMG biofeedback, the goals of
the research, the participant's responsibility, and the

29

time constraints of the study .

The first story board

contained the name of the study , "EMG Biofeedback with
Deaf Children," and the concept of EMG biofeedback was
explained to the participants .

The second storyboard

listed what they would learn from the research : a) how
to relax, b) how to control muscle tension .

The third

story board listed what would be expected of the
participants with respect to time and what they would
receive in return .

The students were expected to

----------~t~end-a-~ota~--of--s~~x--~0-m~n~te-sessi~~~uh
~i~c~h~---------------------

included; 1 scan procedure, 1 pre measurement, 5
training sessions and 1 post measurement .

Upon

completion of the study , the participants were given
the opportunity to learn how to relax and control their
muscles, a discussion covering when to use relaxation
and what it is used for , a certificate of completion,
and a party for all those students who finished the
study.

The final story board was a calender with a

timeline of the study imprinted across the dates.

At

the end of this session, time was reserved for
questions and clarification . · Appointment cards
including the date and time for each appointment, and
consent forms (see Appendix H) were given as handouts.
These forms of communication were used to better ensure
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accurate communication between the experimenter and
participants.
Procedure
Once the participant pool from CSDF was
established, the participants were randomly assigned to
one of two groups, and then a treatment or control
condition was randomly assigned to the groups.
Assignment to groups and the condition of the groups
was made by a coin toss .

All of the subjects from

Mcrrs-ha-l-1--Ju-nier- FI-i-gh- School_ were assigned to the same
condition; they served as hearing controls.
The 5 minute EMG screening of muscle tension was
used as the pretest measure for all participants .

At

the time of the screening, each participant was seated
in a reclining chair.

Participants were told t o fixate

on the blue swatch of paper attached to the wal l, to
keep their eyes open, not to move, and not to sleep but
to try to relax as much as possible.

Their

instructions included information about what sensations
(coolness, wetness, alcohol smell) they should expect
from the procedure.

A demonstration of the sensors on

the forearm of the experimenter and then the
participant was conducted to help reduce any
apprehensions the student may have had about the
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equipment.

The students were told the purpose of the 5

minute recording was to determine how relaxed their
muscles were (see Appendix H).
Conditions.

All participants in the experimental

condition were given 5 EMG biofeedback training
sessions, 2 per week for 3 weeks.

The sessions were

approximately 30 minutes long and involved a request of
the participant to repeat the goals of research, skin
abrasion, electrode placement, and 15 minutes of
bT~r~edback~aeh-p~~t~c~pant_was

instructed that the

goal in each session was to lower muscle tension as
much as possible and that the electrodes on the skin
provide a measure of that tension (see Appendix I) . The
lightbar display was explained to the experimental
participants, and they were given the same set of
instructions as in the pretest: to keep their eyes
open, not to move, not to sleep and to relax as much as
possible.

If the participants began to fall asleep or

look around the experimenter tapped the subject on the
arm as a cue to refocus attention on the lightbar.

To

clarify the goals and the participant's involvement in
the research project, before beginning each session
either the subject or the experimenter restated the
goals of the experiment and the rules of the session.
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The last session consisted of a 5 minute post test
measure for all subjects.

The procedure was identical

to the pretest screening.

Subjects were told to fixate

on the blue paper on the wall , keep their eyes open,
not to move, not to sleep and to try to relax as much
as possible .

They were told the purpose of this 5

minute recording was to determine once again how
relaxed their muscles were (see Appendix J).
Results
-----'T-e-sttrrg-Hypp"t~~ s

1

Hypothesis 1 of the present study stated that the
hearing impaired experimental group would show a
significant reduction in muscle tension from pretest to
posttest as compared to the hearing impaired control
group.

A two way ANOVA (Group X Time of Testing) for

split-plot design was performed to test this
hypothesis .

The ANOVA summary table is presented in

Appendix K.

A main effect was found for Time of

Testing: posttest EMG was significantly lower than
pretest EMG as hypothesized (F(1,7)

= 5 . 85,

p <. 05).

However, no interaction was found from pretest to
posttest by group, signifying that the experimental
group did not reduce EMG levels below those of the
hearing impaired control group . Additionally, no main

33

effect was found for group , suggesting again that the
two groups reacted similarly.

Visual inspection of the

data shows a decline in EMG from pre to post for both
the experimental and control groups (see Figure 1 and
Table 2) .
Testing Hypo thesis 2
Hypothesis 2 stated that the two control groups
would remain relatively constant from pr e test to
posttest .

A two-way ANOVA (Group X Time of Testing)

---------.~···par.tng-pxetes-t-ancl.-po-st te s.:t-scor_e.s_fQ~~t=h
=e
=---=
t-'-'
w-=
o'-----------

control groups revealed no main effect for Group, no
main effect for Time of Testing, and no significant
interaction (Group X Time of Testing) .

The ANOVA

summary table is presented in Appendix L .

This

analysis suggests that normal hearing and hearing
impaired children are similar in muscle tension levels .
It should be noted that at the time of the postest, the
hearing impaired control group did decline in muscle
tension and the hearing control group increased
slightly in muscle tension .
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---------f-ES~l-1-NG~-----------

Figure 1.

e

..

EXPERIMENTAL GROUP

•

•

CONTROL GROUP

ANOVA of relaxation performance by pre-post

scores on EMG .

Table 2
Comparison of Hearing Impaired Experimental Group
and the Hearing Impaired Control Group
(EMG in microvolts)
GROUP

MEASURE
PRE

POST

Hearing Impaired
Experimental

4.30

2.46

Hearing Impaired
Control

4 . 29

2 .78
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Figure 2.

•

..

EXPERIMENTAL GROUP

•

•

HEARl NG CONTROL GROUP

ANOVA of relaxation performance by pre-post

scores on EMG.

Table 3
Comparison of Hearing Impaired Experimental Group
and the Hearing Control Group
(EMG in microvolts)
GROUP

MEASURE
PRE

POST

Hearing Impaired
Experimental

4.30

2.46

Hearing Control

2.92

3.24
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Additional Analysis :
Comparison of the Hearing Impaired Experimental
Group and the Hearing Control Group
An additional two-way ANOVA was performed to
determine if there was an interaction (Group X Time of
Testing) between the hearing impaired experimental and
the hearing control groups.

The ANOVA summary table

is presented in Appendix M.

No main effect for Group

was found, confirming that the two groups are similar
·rn-mu s-c 1-e-t-ens-:i-o n--(-s e e-'I'a bl-e - 3 )-

A_ma ·

Time of Testing approached significance,
4 . 67, p=.07).

effect for
(F(1,6) =

Additionally, the interaction (Group X

Time of Testing) was found to be significant (F(1,6) =
9.47 , p= . 02).

The hearing control group's muscle

tension levels remained relatively constant from pre to
post testing .

When compared to the experimental group ,

the hearing impaired group showed a significant
reduction in muscle tension levels.

The results of

this interaction are shown in Figure 2.
Discussion
The purpose of the present study was to determine
if visual EMG biofeedback was effective for training
hearing impaired children to reduce muscle tension.
A main effect for time of testing was found,

indicating
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that muscle tension was reduced significantly from pre
to post measures.

The interaction was nonsignificant,

and thus the decline in resting EMG cannot be
attributed to treatment because the hearing impaired
control group also showed a decrease in muscle tension.
The decrease in muscle tension for the experimental
group was expected to occur as a function of the
biofeedback.

However, the decline in muscle tension

for the hearing impaired control group was not a
- - - - - . . :hypothe s+ z e cl-:f--i-neli n-g-. - I-f- t-he pJ;-etes t - was_an_ a_c_c_u.__...._.t.,_e,.____ _ _ _ _ _ __
measure of resting muscle tension and no relaxation
training took place during the time to posttest, the
measure of muscle tension for the control group should
have remained stable .

It ·is possible that some event

or adaptation occurred between the time of the two
measures which could account for the decreases in
muscle tension for both the groups, though no such
event was observed.
The pretest measures for the hearing impaired
participants were not particularly high, yet it is
still possible that the pretest was elevated as a
reaction to a novel procedure.

If so, the decreases

seen at the second measurement of the hearing impaired
participants may in part be due to adaptation to the
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procedure, or equipment, or a regression to the mean
phenomenon.

Thus, the lower posttest measures were

more accurate assessments of the subjects' normal
resting EMGs than an indication of reductions in muscle
tension over time.

Further support of this explanation

follows from the hearing impaired experimental group's
first session of biofeedback.

At this time all but one

of the participants showed a decrease in muscle
tension.

However, no baseline was taken at the start

-----of-eaeh~ses-s-3. on-, -

so i-t- cannot--be d-etermin-e-d-how- mu-ch- of'- - - - - - -

this decrease in muscle tension should be attributed to
biofeedback and how much is due to adaptation to the
room, to the procedure, or to regression to the mean.
A single 10 minute baseline was thought to be an
adequate measure of baseline.

However, sequential

baselines should have been conducted to ensure this was
an accurate measure.

During the screening procedures

several students were dismissed from participation
because their muscle tension levels were below
criterion .

It is possible that this subject pool was a

select group who met criterion by happening to be more
reactive initially to the procedure.
If the pretest was an inflated measure of resting
EMG, large decreases in EMG over and above those of the
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control group would be required in order to determine a
treatment effect .

The small number of subjects per

group also significantly reduced the power of detecting
an effect for treatment, such that a very large change
would have been required for the effect to be
significant.

In addition, since the pretest measures

were relatively low, much dedication on the part of the
subjects would be required to obtain such an effect.
The participants in the experimental group did show
----------some-of-f--~ask-beba¥-i~~s,- such_as__those

Blanchard and Andrasik (1986) .

sugg=
e=s~t~e
~d
=-~
bL
y__________________

Several subjects

reported the sessions as being boring, and had to be
reminded occasionally to attend to the display.

For

these reasons it appears that this procedure may not be
the most beneficial for training general relaxation for
deaf adolescents.

Also, at one time or another all the

subjects had trouble staying awake with the lights
dimmed.

The hearing impaired participants reported

using sleep as their primary form of relaxation and
that the sessions made them sleepy. The original
session time had to be reduced from 15 to 10 minutes
because of the experimenter's concern about the
subjects' falling asleep and not attending to the
display for a full 15 minutes.
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For individuals who rely primarily on complex
visual stimuli and who are used to detecting very
subtle visual changes, the task may have been
particularly monotonous.
faded,

Once the initial enthusiasm

it appeared that the hearing impaired sub j ects

had little to gain from participation and found the
task somewhat boring and difficult with the lights
dimmed.

This procedure of training relaxation with the

lights down may not be the most effective means of
- - - - -ge't-"t-i-n-g- cleaf- eh.-i-1--cl-!'en- -&o
specific muscles.

e-eneen~!'a te

on- :r;-e-1-ax--i ngc - - - - - - - - - - --

This is not to suggest, however,

that the procedure could not benef i t

some deaf

adolescents with specific psychophysiological disorders
who would have more to gain from participation.
The second set of analyses involved
c omparisons using a hearing control group .

This was an

added dimension to the study to determine if hearing
impaired children were different from hearing children
in muscle tension levels because there was an
indication from the s c an data that deaf students may
have lower muscle tension levels.

Results of the

analysis showed the two groups to be similar in muscle
tension, even though these groups were seen one month
apart in time , at different sites , and during different

41

times of the day .
The analysis of the hearing impaired experimental
group and the hearing control group produced the only
significant interaction.

This was achieved primarily

because the resting EMG of the hearing control group
made no significant changes over time .

Thus, in

comparison to the hearing control group, the hearing
impaired experimental group achieved a significant
decrease in muscle tension.

Blocking groups by

--~- -~hear--i-n-g fhea-r-i-ng-i-mpa-i-l'men:t---i-S-a-gros s_

b 1 o_cki ng--.Ya~r~~~·a=b_,.l._..e<--.._ _ __ _ _

which accounts for differences other than just hearing
level; any analysis between the hearing and hearing
impaired groups is confounded by differences other than
hearing loss.

Thus, these confounds do not allow for a

direct interpretation of the results.
In summary, i t cannot be concluded from the
present study whether EMG biofeedback is an effective
means of training relaxation with hearing impaired
children because of questions regarding the accuracy of
the pretest measure.

In future research, careful

consideration should be given to the physical and
psychological reactivity of deaf children to novel
procedures when establishing baseline, testing and
treatment effects .
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Appendix A
Letter to Parents
Dear Parents,
Cheryl R. Bene, a graduate student from the
University of the Pacific will be doing a research
project on the campus of Marshall Middle School (or
CSDF) for a select group of our students . The goal of
this project is to help teach junior high school
students to relax in a way we know helps adults.
Children will be taught to control muscle tension
through the technique of biofeedback . We would like to
know if you would let you child participate in this
research.
If you approve of your child's
participation, a form is enclosed for you to sign
indicating your approval . Please have your child
return this form to his homeroom teacher by the end of
the week .
- - - - - r--n- orde-l?--"te- accomplish_ th is_P-roject, we need children
who would attend :
1) a 15 min. muscle tension screening,
2) before and an after training measurements
(30 minutes each)
3) and, 5-30 minute biofeedback training session.
The project will take place at the school during school
hours (P.E. and one other nonacademic class period).
The project will be conducted during a 3 week period
beginning the week of May 26 and concluding the last
week of school .
Biofeedback is a learning tool which allows muscle
tension to be measured and to be displayed visually, so
that by watching the display a child may learn to
control muscle tension.
During biofeedback training
the child will sit quietly in a reclining chair with a
display directly in front of him.
Each child will
receive one type of display; which he will use to help
him learn to relax.
During the biofeedback sessions two small sensors
will be placed on the child's skin (right and left
temples) and a third will be placed around his/her
wrist . These sensors are used to measure muscle
tension and are attached with adhesive or a velcro
strap.
They will not cause harm or discomfort to your
child .
Children will be seen individually and
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supervised by Ms. Bene during the biofeedback sessions.
She will be present in the room with each child at all
times to ensure proper supervision. Once the project
is finished, the children will be spoken to about how
to use relaxation in their daily lives, to help manage
their stress, control tension headaches, etc.
Please know that biofeedback is used frequently
with hearing adults and currently we are conducted the
same research with deaf children at the California
School for the Deaf.
By allowing your child to
participate in this project, you will be helping make
known whether these techniques could be used to help
normal hearing and hearing impaired children.
This study will be conducted across a three week
period and since school will be dismissing for summer
vacation shortly; we need to have the consent form
returned with your signature by the end of the week so
that we can begin the project.
If you have any
----~qu~e~sti on~s-conc·ern-ing-t-he-pruj-e-ct-or your ch~ lci-''~s=--""----------participation, please feel free to contact Ms . Bene at
the Psychology Dept. on the UOP campus, (209)466-4316.
We are very enthusiastic that this will be a
valuable learning experience for your child, and thank
you very much for your time and cooperation!
Sincerely,

Cheryl R. Bene
Graduate Researcher

47
Appendix B
Parental Consent Form
Hearing Impaired Participants
I, ____~~~------------~--~~----' agree to allow
(Print your name here)
allow my child,
, to
(Print your child's name here)
participate in a study testing the effectiveness of
different forms of EMG biofeedback for training mus c le
relaxation which is being conducted by Cheryl R. Bene,
a graduate student from the University of the Pacific .
I understand that my child's responsibility as a
participant in the study is to attend; a screening o f
muscle tension, 5 EMG biofeedback sessions, and a pre
and post measure of muscle tension, all of which will
be conducted after hours at CSDF for 5 weeks beginning
---------A~~~l--21
I- aLso_ understand that my child will be
randomly assigned to one of two treatment groups an
will receive only one type of display.
If the number
of students wishing to participate in the study exceeds
the resources available, children allowed to
participate will be randomly determined .
Thus, I do
also understand that there is a chance that my child
may not be able to participate in the study. Finally
for the purposes of the preliminary screening, I give
permission for Cheryl R. Bene to examine my child's
records for degree of hearing loss, reading level and
motor functioning.
The results of the experiment will
be made available to my child and I at the end of the
study, if we so wish.
In addition, I understand that if I agree to allow
my child to participate in this study, that I or my
child has the right to discontinue his participation at
anytime if either of us so wishes.
I have signed my name below to indicate that I
will allow my child to participate in the relaxation
training experiment under the conditions described
above .
Signature

Date

Would you like to receive a copy of the results of this
experiment? ___ yes ___ no
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Appendix C
Student Selection Criteria
Hearing Impaired Participants
Student's Name: ____________________
Teacher's Name: ___________________

Sex:

Male
Female

Classroom : ------------------------~----

To the best of your knowledge, please respond by
checking yes or no for each of the 10 criterion as they
pertain to the student you have named above .
Yes

No
1.

Age 13-15 yrs.

2.

Functioning at a minimum 3rd grade

------------------------~~eaQ~ng~~¥el----------------------------------------------

3.

Appears to be functioning at an average
or above average intelligence leve l

4.

Can communicate though either voice or
signing with a hearing individual who is
at an intermediate signing level

5.

Has an attention span whi c h will allow
the student to sit quietly for 15 mins .

6.

Can follow simple instructions

7.

Has corrected vision of 20 / 25 o r better

8.

Has a severe to profound hearing loss

9.

Has motor problems

10 .

Is hyperactive or has behavioral o r
emotional problems that would interfere
with the child's attention span or
new learning ability
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Appendix D
Scanning Procedure
Hearing Impaired and Hearing Participants
1.

Greet child and introduce goals of the training.

"Before we start the research, I need to take a
measurement of your msucles to see how relaxed they
are. THis machine will help me do this.
First, I will
clean your skin with alcohol.
It may smell bad (let
them smell swab), then I will place two contacts on
your temples (experimenter places two fingers on her
right then left temple) and this green band on your
wrist.
It may feel a little wet and a little bit cold,
but that's all.
"I'll let you try it on your arm.
(Experimenter
demonstrates on her arm, then places the scanner on the
child's forearm to reassure him/her that it will not
-----hu-rt~)-S ee--,--you don_:_t _ f_e_
e l_an~thing~?--:;-":N-:-"o,_,w~f~
o_,_
r~t~h.:..:e=----------
measurement, I put this get (like vaseline) on the
contacts-the gel helps the machine get a better
measurement.
2.

Abrade skin.

3.

Place electrodes and ground on child.

"So, what I want you to do is to pay attention to the
blue swatch of paper on the wall in front of you.
Keep
your eye's open, and sit as still as you can.
Look
ahead at the blue paper and just relax! And, try not
to move because any movement you make will confuse the
machine.
"Are you comfortable? When you are looking at the
paper and relax, we will begin."

*

If anterior temporalis muscle tension is below
criterion, the participant is told that the
experimenter needs to take the same measurement from
his forehead, and the student is reminded to look ahead
at the blue paper and relax.
Frontalis scan is then
conducted.
4.

Pretest measure is recorded.
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Appendix E
Pretest Procedure
Hearing Impaired and Hearing Participants
1.

Greet child and introduce the goals of training.

"I need to take one longer measurement of your
muscles for 5 minutes . Now, I will place these two
contacts on your temples (or forehead) with these
bandaid like holders.
These to the same as the smaller
contacts.
It will feel the same, a little wet and a
little bit cold but that is all.
2.

Abrade skin.

3.

Place electrodes and ground on child .

-------------"Wha~l-wan~yeu-~e-clo--~s-to-pay-attentro rr-to-th=-----------------

blue swatch of paper on the wall in front of you .
1)
Keep your eye's open, looking at blue paper.
2)
Try not to move because any movement you make
will confuse the machine.
3)
Sit as still and as relaxed as you can.
The measurement will take 5 minutes . I will be sitting
in here with you recording numbers .
I will tell you
when the 5 minutes are up . When you tell me you are
comfortable in the chair, we will begin."
4.

Clean up .

5.

Give participant an appointment card.
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Appendix F
Parental Consent Form
Hearing Participants
I, _________________________________ , agree to allow
(Print your name here)
allow my child,
, to
(Print your child's name here)
participate in a study testing the effectiveness of
different forms of EMG biofeedback for training muscle
relaxation which is being conducted by Cheryl R. Bene,
a graduate student from the University of the Pacific.
I understand that my child's responsibility as a
participant in the ~tudy is to attend; a screening of
muscle tension, 5 EMG biofeedback sessions, and a pre
and post measure of muscle tension, all of which will
be conducted after hours at CSDF or 5 weeks beginning
April 21.
I als a-~nde~s~ana-~hat--my-chrrd-w·rl~--b~e~~-------------
randomly assigned to one of two treatment groups and
will receive only one type of display.
If the number
of students wishing to participate in the study exceeds
the resources available, children allowed to
participate will be randomly determined.
Thus , I do
also understand that there is a chance that my child
may not be able to participate in the study.
Finally
for the purposes of the preliminary screening, I give
permission for Cheryl R. Bene to examine my child's
records for degree of hearing loss, reading level and
motor functioning .
The results of the experiment will
be made available to my child and I at the end of the
study , if we so wish.
In addition, I understand that if I agree to allow
my child to participate in this study, that I or my
child has the right to discontinue his participation at
anytime if either of us so wishes .
I have signed my name below to indicate that I
will allow my child to participate in the relaxation
training experiment under the conditions described
above .
Signature

Date

Would you like to receive a copy of the results of this
experiment? ___ yes ___ no
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Appendix G
Student Selection Criteria
Hearing Participants
Sex:
Student's N a m e : - - - - - - - - - Teacher' s N a m e : - - - - - - - - - Classroom: ____________~---

Male
Female

To the best of your knowledge, please respond by
checking yes or no for each of the 9 criterion as they
pertain to the student you have named above.
Yes

No
1.

Age 13-15 yrs.

2.

Functioning at a minimum 3rd grade

--------------------------~r
~e~a~ding_LeYal______________________________________________

3.

Appears to be functioning at an average
or above average intelligence level

4.

Has an attention span which will allow
the student to sit quietly for 15 mins.

5.

Can follow simple instructions

6.

Has corrected vision of 20/25 or better

7.

Has a severe to profound hearing loss

8.

Has motor problems

9.

Is hyperactive or has behavioral or
emotional problems that would interfere
with the child's attention span or
new learning ability
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Appendix H
Student Consent Form
Hearing Impaired and Hearing Participants
I,

agree to be part of
(Print your name)
Cheryl Bene's research project. This research is to
help me :
1) learn to control muscles, and
2) learn to relax
By agreeing to be part of this project, I must attend 2
sessions, 25 minutes each for three weeks either during
or after designated school hours .
In total this is a 3
hours commitment.
Then, once I have finished all the sessions there will
be a meeting for all the p_e_Qp_l_e_in_the_];U'_o_j_e_c_t_.~=---------
will be given biofeedback certificates of completion
and have a RELAXING party!!
By signing my name at the bottom of the page I am
saying that I WILL BE AT ALL 6 of the meetings with
Cheryl.
Name:

Date :
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Appendix I
Training Sessions Procedure
Hearing Impaired Participants
1.

Greet child and introduce the goals of training.

"the goal of these training sessions is to learn to
relax and control your muscle tension, and the contacts
on your temples(or forehead) give us a measure of that
tension. This machine will show you how high or low
your muscle tension is. First, we will put the
contacts on you and then, I will show you the machine."
2.

Abrade skin.

3.

Place electrodes and ground on child.

____________,(Sho~be feedback_sxstem to them) The g=r=e=e=n~l~i~~h~t~------------
is your muscle tension, the more relaxed you are the
more the green light moves to the left, and the more
tense you are the more the light moves to the right.
So, if you use your muscles to swallow, or laugh the
light moves to the right."
"Try it! You will want to try to relax your muscles
as much as you can . Watch the machine and try to move
the light to the left. You will want to try to make
the green light meet the red light (threshold was set
at 0.5uv). You will do this for 15 minutes."
"Do you understand? Which direction do you want to
move the light? To the left. Correct. Before we
start there are 4 rules:
1) No sleeping
2) Keep your eye's open
3) Pay attention to the display
4) Try not to move
I will be sitting in here with you recording number and
I will let you know when the 15 minutes are up.
When
you tell me you are comfortable in the chair, we will
begin."
4.

Clean up.

5.

Give participant appointment card.
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Appendix J
Posttest Procedure
Hearing Impaired and Hearing Participants
1.

Greet child and introduce session goals.

"I need to take one final measurement of your muscles
for 5 minutes . Now, I will place these two contacts on
your temples (or forehead) with these bandaid like
holders.
This will be the same as the first meeting we
had.
IT will feel the same, a little wet and a little
bit cold, but that's all. "
2.

Abrade skin.

3.

Place electrodes and ground on child.

"What I want you to do is to pay attention to the
blue swatch of paper on the wall in front o you, ana
just as before:
1) Keep your eye's open, looking at the blue
paper.
2) Try not to move because any movement you make
will confuse the machine.
3) Sit still and relax as much as you can.
The measurement will take 5 minutes.
I will be sitting
in here with you recording numbers.
I will tell you
when the 5 minutes are up.
When you tell me you are
comfortable in the chair, we will begin."

----------~~~~

4.

Clean up.

5.

Thank student for his/her participation.
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Appendix K
ANOVA Summary Table for SPF-2.2 Design
Comparison of Hearing Impaired
Experimental and Control Groups

Source

ss

df

MS

16 . 340

8

0.104

1

0.104

Blocks w. A

16 . 236

7

3.320

Within

27.517

9
------

B (Test)

12.470

1

12.470

0.121

1

0 . 121

14.926

7

2 . 132

43.857

17

Between
A (Groups)

AB
B X blocks w. A
Total

*.E.S.. 0 5

F

5.848*

p

.045
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Appendix L
ANOVA Summary Table for SPF-2 . 2 Design
Comparison of the Hearing Impaired
and the Hearing Control Groups

Source

ss

df

MS

F

13.520

8

0 . 912

1

0 . 91 2

Blocks w. A

12 . 608

7

1 . 801

Within

20.574

9

B (Test)

1.573

1

1. 573

AB

3 . 721

1

3.721

1. 705

B X blocks w . A

15 . 280

7

2 .182

1 . 704

Total

34.094

17

Between

A (Groups)

*~ . 05

p
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Appendix M
Summary ANOVA Table for SPF-2 . 2 Design
Comparison of the Hearing Impaired Experimental Group
and the Hearing Control Group

Source

ss

df

MS

F

p

Between

9.971

7

A (Groups)

0.360

1

0 . 360

Blocks w. A

9.611

6

1.601

Within

9.932

8

B (Test)

2 . 310

1

2.310

AB

4 . 666

1

4.666

9.470*

. 021

B X blocks w. A

2.956

6

0.493

9 . 470*

.021

19 . 903

15

Total
*J2i. . 05

